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Multi-objective Modelling for Optimal Allocation of Agricultural —
Ecological Water and Land Resources Based on Type —2 Fuzzy Sets

GUO Ping'? PAN Qi"?  YUE Qiong'® WANG Yicheng' ZHANG Honghang'
(1. College of Water Resources and Civil Engineering, China Agricultural University, Beijing 100083, China
2. Center for Agricultural Water Research in China, China Agricultural University, Beijing 100083, China)

Abstract; To handle eco-environment vulnerability, water shortage and complex uncertainties in
irrigation districts in arid areas of Northwest China, taking Hongyashan Irrigation District in Shiyang River
Basin as an example, a type —2 fuzzy multi-objective programming model for optimization of agricultural —
ecological water and land resources allocation was developed. The developed model integrated type — 2
fuzzy sets, fuzzy -credibility-constrained programming, and multi-objective programming, with the
objectives of minimum irrigation loss, maximum ecological vegetation irrigation satisfaction, minimum
ecological vegetation irrigation cost and maximum economic benefit of main grain crops. The decision
variables were surface water, groundwater and planting structure among 10 decision-making units in
Hongyashan Irrigation District. The optimal allocation schemes of irrigation water and planting structure
under different credibility levels and uncertainty degrees were obtained by solving the model. Optimal
results showed that the model coupled with type —2 fuzzy sets can provide abundant allocation schemes.
The sensitivity of allocated water to credibility levels was higher than uncertainty degrees, and the
planting structure was not sensitive to credibility levels. When the uncertainty degree was 0.5 and the
credibility level was 0.7, the ecological vegetation was totally irrigated by surface water, crops were
irrigated by surface water and groundwater, and the yield and economic benefit of maize are higher than
that of wheat. Compared with previous studies, the research more considered the irrigation requirement of
ecological vegetation, and the optimization results were more realistic and reasonable. The research
results can provide decision-makers with allocation schemes which were in line with the actual situation of
irrigation districts and provide scientific guidance for the modernization of irrigation districts in arid areas
of Northwest China.

Key words: multi-objective programming; water and land resources; optimal allocation; ecological

vegetation; type — 2 fuzzy sets; Hongyashan Irrigation District
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70.266.,0.342 J/m’ , VEHIK G A 7= R AL S
2R g UV BRI e M A R K R R T R
K2 B HE M (http: // data. cma. en/) , 3% B 2010—
2019 AEAEYAE BN R B4 & ol i B0 480 #%
BARR L, WE L, EYTH M AR oKk E T
Prs L2 2, MoK CHE R K HEZK &R 2 R

BOHEAT FAE , Herb b BR 8 5 2 45 0 20 B2 1l IX K
VIR IC O R A4S, T BRA el b R R AT O 2R 8K
0.8 H5E o A= A ML T /K B 00 b B sk 2% 1) 4 9%
RS TR KRR R r aE h TR E  A AS
BT KR — A, B B, B R R |
A T2FS Wb HHEATFAF . M Tkt R BRE A
P R S R AR AR TR AR B i st
SREVEAR Y RSB POR L A S 3, L3 3,

x1 EHMADPEFTHSH

Tab.1 Parameters of crop water production functions
) K G377 R R A A H B A R K
YEY 2R
Y (m®-hm %)
INFE 1.6415 -1154.40 381.6
EoK 1.5520 -405. 14 677.9

R2 MEMHHNE M FERENTFMIE

Tab.2 Crop market prices, seed demand and seed prices

7 W/ (Od-kg™") P TR i/ (kg-hm %) T4/ Ot -kg ™)
Nz (1.30,2.42,3.00; 6, ,, 6,,) (427.50, 450.00, 495.00; 6, , , 6, ,) (3.91, 4.60, 5.52; 0, ,, 6,,)
ok (2.00, 2.44,4.00; 6,,, 6,,) (30.00, 37.50, 48.75; 0,,, 0,,) (17.60, 22.00, 27.50; 6, ,, 6,,)
x3 EUMEEBRAR
Tab.3 Constraints of crop planting area hm’
e T TRRE A FRRE A el T TRRE A T BR{E A
NE E55/S INE 56/ INE 56/ INE E5F/S
1 129 57 143 64 7 810 360 900 400
2 400 178 444 198 8 874 389 971 432
3 1390 619 1544 687 9 644 287 716 319
4 644 286 715 318 10 1062 473 1180 525
5 575 256 639 284 Bt 7417 3300 8239 3 666
6 889 395 987 439
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AT S e 1K XU By, A7 B s U B e
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Fig.3  Objective values of different credibility levels under different uncertainty levels

3.2 fRLEKE

&l 4 S AN 6] A)AF BE KT AN RS o e v 7
R A B AL 25 L, BE K R TE R RS B R Y
AL S AL B bR (E I A — 50, R B E T
JEE 1 398 T AR, B S B AR R S 8 R
M3 K (AT 5 BE KP4 0.6 F1 0.7) sl BEAR (AT AH
FEK 4 0.8.0.9 F1.0) , LLATEBEKSE 0.7 #l
1.0 R, Atk R[9034.31,9049. 1715 m> fl
SEAH 8 875.68 J7 m’, i W BT K B Xt TS i E
TR HE 2 80078 fb 0 BEORRRRE B A AR, BE K B R A2 (H 2
AT 24 5 BRI A AR A, ATt K AR A B S

B4 TR AT A B2 K T AN [R] A 6 1 B2 A T K
Fig.4 Total water allocation of different uncertainty

levels under different credibility levels

B o UL, 05 (5T, AS BT 5T 8 HOAS A 5 1 A
JEZHON 0.5 B R BIT HAR o ir. K4 W
R SE PEFRFE S 80 0.5 I i 4 b 0 A 25 A I
KB Hh AR T K BB A T A A 3 R W
G, T A= S W K B AR A T AR, I B IR
e 7 X T ] A B K P 9 AR A o SRR T AR A5 A
BT /K Xk T AT A5 B2 K1 19 48 Al SRR FE ARG . 25
1 3b AT LU A A 25 5 K R B
AT BE TR B3 KA I B R, (R B AR /D o ik
JE UL, BEATEAT AT 4 5 T #0RAT BB AR AIE T AR A
FHOK BB 20y, ol 2 285 A 450 98 TR /K 006 R JEE R 8 4k T i
i o FTAFER AR A SC WY BRI A 2 AT R 2 1 A 1

PEAMN, JCHRAEVE I T R X N iR SRS R
BT RIHEC . DA XA S R g I B
PEES, AR AT A 7 A= 3 4 Bt 0 4 9 B il i 2%
ko DU R S A A BE K T5 58 B R AR L0 A2 1 3 IX
A A LB K 5 5K, K B2 0 A T i B XA 2
PR R AT BB S, RS AR 2 SO W] A B B S
B,
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Fd4 KUFMESHEERKE

Tab.4 Water allocation of agricultural and

ecological vegetation H m’
A Al e K i Az IS A B C K B
0.6 7125.84 1917.61
0.7 7 084.89 1917.02
0.8 7031.96 1915.93
0.9 6 994.00 1912.35
1.0 6963.94 1911.74

TEICAS 1 8 PEFR E S50 0.5 (A {5 BE K2R
0.7 B} 45 P 3R BA T I BE K &5 AT IR A e, /S
RNEANRE T FEREEW/NE  EKRLER
FEBY A M AL N OK BCK &5 . RS R BOR AR
ARk 4 15 FH B 3R 7K VTR, 3k 2 R A Ml 3R UK AH L Hb
KRB AR A, Sy T S I AR 25 B R K 2
/NIX — H AR, PE A AR AU 7E 3 K 8 2 0 B3R T Ok
ST A A A ) b 3 K I R AR SR B . AR SR
;P S, o AR AR B 1 T T A TR S IR K
Ky Iz i A N T A S IS PR 2 DR I A 1 b
IKFEB R R G REX SR . R 2R AR @
Tk b 3R K I kT K B G [, AN IET S AT A
B B P T Y [ i T M 3R K R R K
WY, 456 SEBR IGO0, A7 T 4% 18 5 i A 4 AT LA
T Ao B K L R, A T R TE R i ) AR A AT A
I R 7K R AT HE R, X RE BE AR R T E X 3R K
Sl B IR) R, SO/ T O T ik e R o AR KR R
P TR R 2 . 7RI e B HAA R
R /NG 32 P M R K E R, SR BT 1.5 10 i T
i ZE KA R 43 AN 78 37. 83 .274.27 237.48 J7 m’ (1) Hb

5 B RWBITTAEY KA A R M T K 5 2R
Fig.5 Surface water and groundwater allocation of crops

and ecological vegetation in each decision-making unit

K s TR R 22 % gk A K JRIBC R R R B TR
RELTE 1,10 ALAE HT b 2R K R R AT o 57 A I R 19
U I JELER /N 22 19 T 3 40 s A0 T 50K, LA 140 4%
S T A DR kg 2 A A M A L 1Y 3t 2 K TR
R FEARANAR A , 24 M R A 25 AN S I, 8 A A%
W i3 14 3t T AR S8 R K, D R WA T e )
KA KR 2K
3.3 FERREVMELSN

FEOK A B IR A e B, A 25 4 o X R SE 1Y
BRMARATAE R F R . RS AT E MRS
0.5 WEHE X Z MR AR R A LA
H 5 /N2 R K PRI A W ) b A T AR B AT A RE K
R AE A I AN WA, /0N F2 ) R OAE AR R Ak T
7417 hm® | F K (g P A 1R A A B AR {45 7 3 660 ~
3666 hm® i [H Py o 3 i 45 SR 1 B0 — D 1T 0 Y A
TR - oA T B AR 240 SR A% P 1) BIR A 5 A 7 Y T AR
A AR A BR, 3k t 5  [X 2 AF A 45 4 [ E 1Y
B SR 5 53 — D5 T i B 32 A Y v 7oA T AR
X PR SR X AT AE B KT Y 8 A SRR B
K6 Ao E MRS HO 0.5 AT {5 BEAKF- 0.7
INf 25 PR SR A IT AR W) A S A R Rl R AR . v
IHITT 7 ~ 10 B LR A g AR 2 T R 2R
VEY b 1T B, K 2 fl T 40 R LD XA T 9 AR
S A% LV DR YD 355 9 A 5 DX, O T AN AR VD BT B
ST Z R R R B BN IR R AR AR
KA AT VLR MR VD [ Vb SR A S . IR FAIC 1
AL AL K R K PR R ) B e A
e, D RS AR A D o RO 2 ~ 6 I 32
A TR B R R A v v BRSO, AR S AR
B3 A A DB TR T 0 X Gk B4 A L R 2 U IE
(R R 00, T L2 57 DAL T 7 0 SR

®5 FTEREMEYHERR

Tab.5 Planting area of main grain crops hm’

A N Bk
0.6 7417 3661
0.7 7417 3660
0.8 7417 3 660
0.9 7417 3 666
1.0 7417 3 666

3.4 EYFEEEFNE

MR EVEFEEE S BN 0.5 i, /N L E KR
Wrrm 5 a0 as WK 7, BEE TG K F 1 3
K, /N FE ¥R B 8 354 kg/hm® R E
8 054 kg/hm’*, 28 ¥ % 25 M 1.416 {2 oG F [ =
1.365 1270, ¥ BT W 1 T RS 35 BRI 1
AR L5 B K T #4576 12 942 kg/hm’ , 4
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Fig. 6 Planting area of crop and ecological vegetation

in each decision-making unit
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Fig.7 Average yield and economic benefit of main

grain crops

Vel as e sl B, R 1,289 {20 N REE 1.288 12
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KR 0.7 B4 PSR B IT/INAE L BRI, oK
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Fig.8 Yield of main grain crops in each decision-making unit
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P Az 25 AE 1 TC K R0 28 U A AR 10 2 H AR A
MO RE PR T7 % R BT NG I (8] R (AR 7
V5 SR AR K BT IR ZR GUAF AR B AN i 58 P, L IUE S F
TG AT T G5, %5 8 1T 8
PRACHI ARSI P, 51 T T2FS SRR R G R Z 28 A
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DA, A 5T 2% 5 2 W XK S 73 A 10 2 0] 728 S
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Tab.6 Model and method in this study compared with previous studies

F W T 2 5 AEETER  AHE T % P AL S WIES
SCHK[34] B H bR LSS X [i] HL & HE DX AR 25 A ek 3
CHk[35] O bR L4 X 1] £ 4l HE AR Py B K B 3
SCHK[36] A bR 2R XX 8] KL %l AR A5 4 F B B K B 1
A5 Z ARt il RS 2 TUBOHIALR A DRIEERITAEY) AR S RCK B R R AR 45 25

IR TR K &, 38 % HE X A S AT T K
AL, G VBN HE X ] R ek & R HE
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